ABSTRACT: Objective: Early childhood development programs typically combine healthy nutrition and cognitive stimulation in an integrated model. We separately delivered these 2 components in a cluster-randomized controlled trial to evaluate their comparative effectiveness in promoting healthy child development and caregiver mental health. This is the first study to do so for HIV-affected children and their infected mothers. Methods: Two hundred twenty-one HIV-exposed but uninfected child (2-3 years old) and caregiver dyads in 18 geographic clusters in Eastern Uganda were randomized by cluster to receive biweekly individualized sessions of either (1) Mediational Intervention for Sensitizing Caregivers (MISC) training emphasizing cognitive stimulation or (2) Uganda Community Based Association for Child Welfare (UCOBAC) program that delivered health and nutrition training. Children were evaluated at baseline, 6 months, 1 year (training conclusion), and 1-year posttraining with the Mullen Scales of Early Learning (MSEL), the Color-Object Association Test for memory, the Early Childhood Vigilance Test of attention, and the Behavior Rating Inventory of Executive Function (BRIEF-parent). The Caldwell Home Observation for the Measurement of the Environment (HOME) was completed by observers to gauge caregiving quality after training. Caregiver depression/anxiety (Hopkins Symptom Checklist-25) and functionality (list of activities of daily living) were also evaluated. Data collectors were blinded to trial arm assignment. Results: Mediational Intervention for Sensitizing Caregivers resulted in significantly better quality of caregiving compared with UCOBAC midintervention with an adjusted mean difference (M adjDiff ) of 2.34 (95% confidence interval [CI]: 1.54-3.15, p < .01), postintervention (M adjDiff 5 2.43, 95% CI: 1.61-3.25, p < .01), and at 1-year follow-up (M adjDiff 5 2.07, 95% CI: 1.23-2.90, p < .01). MISC caregivers reported more problems on the BRIEF for their child at 1-year posttraining only (p < .01). Caregiving quality (HOME) was significantly correlated with MSEL composite performance 1-year posttraining for both the MISC and the UCOBAC trial arms. Likewise, physical growth was significantly related to child development outcomes even though it did not differ between trial arms. Conclusion: Even though MISC demonstrated an advantage of improving caregiving quality, it did not produce better child cognitive outcomes compared with health and nutrition training. Trial Registration: clinicaltrials.gov Identifier: NCT01640561. (J Dev Behav Pediatr 38:753-764, 2017)
Development: From Science to Scale," 1,6-10 45 experts from dozens of global institutions were brought together to review the latest early childhood development (ECD) intervention strategies in low-and middle-income countries (LMICs). 7, 8 From this literature, the WHO/UNICEF sponsored Care for Child Development (CCD) package emerges as the most widely used manualized programs for ECD intervention in LMICs (https://www.unicef.org/ earlychildhood/index_68195.html). 1, 6, 9 A core feature of CCD, and other similar integrated ECD intervention packages, is the use of caregiver training that focuses on promoting both child nutrition and cognitive stimulation typically through play interactions with home-made toys and learning materials. 1, [11] [12] [13] Despite a high incidence of HIV infection among impoverished communities in some LMIC contexts and the developmental risks associated with exposure to HIV, 14 this factor is often overlooked in evaluations of ECD program effectiveness. 15 HIV-exposed uninfected children (HEU) have been found to be at increased risk of neurocognitive disturbances; 40% of HEU children in sub-Saharan Africa were identified as having general cognitive impairment. In addition, HEU children were found to be more likely to experience motor impairment (14%), delays in expressive language, and fine motor problems. 16 These impairments could be due to perinatal exposure to the HIV virus or antiretroviral therapy. 17, 18 For instance, antenatal HIV exposure (without infection) may compromise HEU children's cognitive development, when maternal immune activation negatively affects the developing fetal brain. 19 Another possible mechanism of the neurocognitive deficits observed in HEU children is exposure to environmental factors already present in low-resource settings that can be exacerbated by maternal HIV infection. These include maternal psychological factors (e.g., depression), behavioral factors (e.g., compromised caregiving), and socioeconomic factors (e.g., poverty and orphanhood). 20 Compromised quality of caregiving in particular can compound the already serious neurodevelopmental effects of HIV infection and exposure for these children, irrespective of the availability of medical treatment and care. 1, [11] [12] [13] In western Africa, children of depressed mothers have been found to have elevated risk of morbidity and mortality as compared to those of nondepressed mothers. 21, 22 Despite this, most studies have not evaluated the effects of ECD interventions on the mental health of the child's mother or caregiver. 6 This study seeks to address these gaps in knowledge by comparing caregiver training comprised of a health and nutrition curriculum to a specific cognitive-stimulation strategy in a cluster-randomized controlled trial (RCT) on child cognitive and emotional development outcomes, as well as caregiver mental health and functional impairment. The population of focus for this RCT is young (i.e., younger than 3 years) HEU children born to HIV-infected mothers (i.e., exposed to HIV in utero) in a rural district of Uganda. To the authors' knowledge, this is 1 of the few studies to attempt to disentangle the comparative child development and caregiver mental health benefits of the typically integrated components of CCD and ECD programs. Furthermore, this study is the only one to do so while providing a nutritional supplement to all study children throughout the study. This enables us to compare the 2 training arms apart from the developmental benefits of better nutrition per se in an often overlooked in at-risk populations of young HEU children. 23 , 24 
METHODS

Randomization and Masking
Perinatally HIV-exposed but uninfected (HEU) children between 2 and 3 years of age having completed a malaria chemoprevention study 25 (n 5 175) or prevention of mother-to-child transmission of HIV trial (n 5 46) 26 were recruited successively to this study from the Infectious Disease Research Collaboration (IDRC) at a district hospital in Eastern Uganda. The study was designed as a cluster-randomized controlled trial; households from 18 geographic clusters in Eastern Uganda in which participating dyads were grouped in distinct village or community settings were mapped using Global Positioning System technology. These clusters were subsequently randomized to 1 of 2 caregiver training treatment arms described below. Staff conducting the child assessments (blinded to cluster allocation) enrolled study participants across the subcounties. The Institutional Review Boards in Uganda and a US-based university approved this study.
Sample
A total of 221 eligible HEU children and their caregivers were enrolled between March 2012 and April 2014, and caregivers provided written informed consent for themselves and their child. Child eligibility was based on confirmed birth to an HIV-positive mother with the child confirmed as noninfected with enzyme-linked immunosorbent assay by the study medical officers. They also confirmed that the child had no history of neurological insult by reviewing IDRC medical records, conducting a physical examination, and administering the widely used Ten-Question Questionnaire screening measure for neurodevelopmental disability. 27 The caregiver exclusion criterion was having a serious mental health problem that would prevent engagement in the intervention confirmed by the psychiatrist on our study team (N.N.).
Caregiver Training Interventions
Mediational Intervention for Sensitizing Caregivers
Mediational Intervention for Sensitizing Caregivers (MISC) is a model for training caregivers to enhance their children's cognitive development and is based on Feuerstein's theory of cognitive modifiability. [28] [29] [30] MISC was developed as a model for early intervention as a means for effecting flexibility or plasticity of the minds of young children. 31 MISC was previously adapted to the Ugandan context by the authors, and this study represents the first time it has been tested in a large trail with HEU children. Hour-long biweekly individual training sessions were conducted with caregivers over a period of 1 year. The trainings were delivered by 1 of 4 Ugandan University psychology or social work graduates trained and certified by the intervention developer and her colleagues. Caregiver-child dyad interactions were videotaped monthly and used, with role playing, to teach caregivers how to focus their child (gain child's attention and direct him/her to the intended learning experience); provide meaning (name objects, people, experiences and convey emotional excitement, appreciation, and affection during the experience); expand (make the child aware of how a learning experience transcends the present situation and how to using comparisons, analogies, and grouping descriptions to expand understanding); encourage (transmit a message of satisfaction regarding the child's accomplishment while explaining the reason for success); and regulate (constructively direct and shape the child's behavior in relation to specific task requirements). [28] [29] [30] MISC does not rely on outside resources, equipment, toys, or other educational materials. Trainings alternated between the caregiver's home and the research office to provide opportunities for in situ training (home) and videotape reviewing (office).
Uganda Community Based Association for Child Welfare Program
The comparison caregiver training arm was a manualized nutrition and hygiene information program designed and originally implemented by the Uganda Community Based Association for Women and Child Welfare (UCOBAC; http://ucobac.org/) that met the minimum standard of care for families affected by HIV in Uganda. The UCOBAC curriculum is information based and structured around 13 topics related to hygiene and sanitation practices, child nutrition and growth, communication and listening skills, family planning, sexually transmitted infections, and living with HIV/AIDS. The UCOBAC intervention had previously been implemented in Ugandan-based studies and the 4 field staff in this study had comparable educational backgrounds to MISC trainers. 32, 33 UCOBAC caregiver training was structured in a similar manner to MISC, with biweekly sessions for 1 year alternating between the dyad's home and the study office.
All intervention providers received an initial 2-week training in their respective intervention, followed by a week-long refresher training held midway through the study. An intervention log was kept for both trial arms, noting the number of sessions and the material covered. In addition, MISC and UCOBAC caregivers received a biweekly nutritional support package for their family in the form of a locally produced enriched porridge of millet, soya, sesame, peanuts, rice, and sugar.
Measures and Outcomes
Study measures were administered at home (all caregiver outcomes and assessment of the quality of child and caregiver interactions) and at the study office (all child outcomes) in 1 of 3 local languages (Japhadola, Ateso, or Luganda) preferred by the participants. The translation process for these measures included independent back translation with reconciliation of differences made by group consensus. A team of 7 assessors with college degree education and fluent in at least 2 of the 3 local languages received 2 weeks of training in their respective tests and were blinded to study intervention arm. Testing sessions lasted between 60 and 90 minutes (depending on child age), and children were provided breaks and snacks as needed.
Data were collected at baseline, 6 months (midway through training), 1 year (posttraining), and at a 12-month follow-up (2 years after baseline). Measures of caregiver mental health and all child outcomes were previously used in Uganda to assess the developmental benefit of the present caregiver training interventions. 32, 33 They have also provided measures of child development related to the quality of caregiving at baseline in this study cohort. 34 The present child development assessments have also proven sensitive to the effects of severe malaria in Ugandan children. 35, 36 Demographics Child demographics were recorded at baseline and included age, sex, and physical growth (weight, height, and upper arm circumference). Caregivers reported on their age, marital status (married/unmarried), education (any/ none), and relationship to the study child (mother/other).
Mullen Scales of Early Learning
The Mullen Scales of Early Learning (MSEL) 37 is a comprehensive test assessing specific developmental domains: visual reception, gross motor skills, fine motor skills, receptive language, and expressive language. A composite score derived from standardized t-scores of the 4 domains (excluding gross motor) provides a measure of g, the general measure of fluid intelligence thought to underlie general cognitive ability. The Mullen scales have previously been adapted for use with young children with HIV in rural Uganda and demonstrated high sensitivity when used in this population. 38 
Color-Object Association Test
The Color-Object Association Test (COAT) 39 uses the placement of 4-inch square color-coded boxes with pictures and small, colorful familiar toys (e.g., ball, doll, book) to test associative memory. The principal outcomes are immediate memory (assessed by number of recalled items) and overall total recall (assessed by number of correctly placed items). The COAT has been previously adapted and used as a valid measure of memory for Ugandan children.
to evaluate sustained attention. 24 Children are required to monitor a colorful computer screen on which active cartoon animal characters appear unpredictably at 5-to 15-second intervals. The principal outcome is the proportion of total time spent looking at the animation as scored from a video recorded from a computer-mounted webcam.
Behavior Rating Inventory of Executive Function-Preschool Version
The Behavior Rating Inventory of Executive FunctionPreschool version 42 is a questionnaire assessing behavior, attention, and cognitive problems related to disruption of executive functions as reported by the principal caregiver. Indices used in this trial include Inhibitory Self-Control, Flexibility (a combination of Shift and Emotional Control), and Emergent Metacognition (a combination of Working Memory and Plan/Organize). All 3 indices are combined into a Global Executive Composite score. 25 
Home Observation for the Measurement of the Environment
The Home Observation for the Measurement of the Environment (HOME) 43 is a composite measure designed to assess the quality and quantity of stimulation that the child is exposed to in their home environment. The Infant/Toddler version includes 45 yes/no items. A total HOME score was generated by summing the number of "yes" responses; higher HOME scores indicate higher quality interactions.
Hopkins Symptoms Checklist-25
The Hopkins Symptoms Checklist-25 (HSCL) 44, 45 has previously been used to assess depression and anxiety symptoms in Ugandan adults living with HIV. The HSCL-25 consists of 2 subscales: anxiety (10 items) and depression (15 items) symptoms. Caregivers indicated how frequently they experienced each symptom in the past 2 weeks on a scale of 0 (not at all) to 3 (a lot). Subscale scores were calculated by averaging item responses. Cronbach's alpha at baseline was 0.85 for each of the 2 subscales.
Caregiver Functional Impairment Caregiver functional impairment for activities of daily living was measured using daily tasks identified during a brief qualitative study with local women. The 12 items relate to tasks women regularly do to care for themselves, their family, their community, and their young child. Caregivers indicated how much difficulty they had completing each task, with responses ranging from 0 (no difficulty at all) to 4 (cannot complete). An impairment scale was calculated by averaging item responses. Cronbach's alpha was 0.82 at baseline.
Analysis
During the design phase of the trial, the target enrollment was informed by a sample size calculated using the magnitude of effects seen in a previous study to obtain 80% power. 32 In a post hoc analysis of achieved power given the 112 (MISC) and 109 (UCOBAC) children enrolled, an unadjusted effect size of 0.38 was detectable with 0.80 power in 2-sided tests at 0.05 level of significance. In adjusted analyses with 3 repeated measures correlated at 0.70 and covariance adjustment for baseline, the detectable adjusted effect size was 0.21 for the time-averaged differences between arms and 0.27 for differences at each time.
Baseline intervention arm comparisons were performed using t-, x 2 or Fisher's exact tests as appropriate. To adjust for any differences found, the corresponding variables were included as covariates in subsequent analyses. Linear mixed effects (LMEs) models were used to analyze outcomes at 6, 12, and 24 months while adjusting for baseline. With this strategy, those with at least 1 completed assessment after baseline were included (n 5 17 dyads excluded, 9 in the MISC arm, and 8 in the UCOBAC arm; Fig. 1 ). Correlations arising from repeated measures were accounted for by specifying an autoregressive covariance structure. Inclusion of a random effect for subcounty (unit of randomization) was explored, but the resulting intraclass correlation coefficients were virtually 0 across outcomes indicating that the cluster randomization did not result in an appreciable dependence of outcomes within clusters. Primary outcomes were prespecified in the trial design and included MSEL and caregiver mental health symptoms and functional problems as they pertained to daily activities of caregiving for their families.
Each outcome was analyzed separately using an LME model with common covariates selected due to association with the outcomes in the previous study (child's age, sex, and outcome value at baseline) 12 or trial arm difference in the variable at baseline despite randomization. To model potentially nonlinear longitudinal patterns, follow-up time point was entered as a categorical variable. Time-by-intervention interactions were included to capture potential changes in differences by intervention arm over time. The least square (adjusted) mean values for each time point and trial arm were output from the LME models and difference. This included an exploratory investigation of moderation of intervention effects by baseline values of the outcome of interest. An example of this would be whether a child with a great deficit in receptive language was more or less likely to experience improvements in language relative to a child with less of a deficit at baseline. A trial arm by baseline value interaction was added to the LME model and differences in slopes by trial arm were evaluated. SAS 9.4 was used for all analyses.
RESULTS
Of the 273 caregiver-child dyads that underwent eligibility screening, 52 were excluded. Reasons for exclusion included the child in the dyad dying before study initiation (n 5 9), having uncontrolled seizures (n 5 2), being confirmed as living with HIV (n 5 2), experiencing severe malnutrition (n 5 1), and falling outside the study age range (n 5 4). In addition, 12 dyads were found to live outside the study catchment area; 6 dyads' homes could not be located; 5 caregivers were participating in another study; 5 caregivers were unavailable; and 4 refused to participate. Of the 221 child-caregiver dyads who began the interventions, 207 children (94%) and 204 caregivers (92%) completed the midprogram assessment (6 months after baseline); 200 children (90%) and 197 caregivers (89%) completed the postprogram assessment (12 months after baseline); and 198 children (90%) and 189 caregivers (85%) completed the follow-up assessment (24 months after baseline) (Fig. 1) . Reasons for study attrition were similar across the 2 trial arms, with relocation and study withdrawal being the most frequent because of the loss of interest in the caregiver training program. The characteristics of dyads' that dropped out were not significantly different by trial arm.
Mediational Intervention for Sensitizing Caregivers (MISC) and Uganda Community Based Association for Child Welfare (UCOBAC) child-caregiver dyads were demographically similar in outcome scale scores at baseline (Table 1) ; only for the Behavior Rating Inventory of Executive Function (BRIEF) scales did MISC children score worse than UCOBAC children. Study caregivers were on average aged 35 years, predominantly married (71%), the study child's biological mother (89%), and had at least primary education (79%). At baseline, caregivers reported moderate mental health problems. Functional impairment was greater in the UCOBAC arm compared with MISC (Table 1) .
Child Outcomes
Children in both interventions experienced positive developmental and cognitive development changes (adjusted outcome findings are presented in Table 2 , unadjusted findings are presented in Figure 1 , Supplemental Digital Content 1, http://links.lww.com/JDBP/A159 and Figure 2 , Supplemental Digital Content 2, http://links. lww.com/JDBP/A160). There were no growth differences (height or weight adjusted for age and sex) between MISC and UCOBAC children across the 4 assessment points (baseline, 6, 12, and 24 mo), indicating that the nutritional supplement provided to all study children across both caregiver training treatment arms had a comparable benefit on physical growth throughout the 2-year study period. Mullen Scales of Early Learning (MSEL) scores are presented age standardized, so a decrease is interpreted as study children on average not making development gains on a similar trajectory as children from high-income countries, on which standardized scores are based (Figure 1 , Supplemental Digital Content 1, http://links.lww.com/JDBP/A159). There were no differences between trial arms on MSEL scores during follow-up. MISC children had gains on receptive language scores midintervention and postintervention (Table 2) . At postprogram assessment, MISC children had significantly worse (higher) BRIEF flexibility, inhibitory self-control subscales, and global executive function scores than UCOBAC ( Table 2 ). All of these differences were maintained at the final followup. There were no other statistically significant effects of MISC on child outcomes relative to UCOBAC (Table 2). However, it is very important to note that both weight and height (adjusted for age and sex) were significantly related to all of the principal child development outcomes in the adjusted multiple regression models presented in Table 2 , although they did not differ significantly between MISC versus UCO-BAC caregiver training arms (Table 1 ) because all of the children in both treatment arms received the monthly nutritional supplement. Copyright Ó 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
Caregiver Outcomes
Mediational Intervention for Sensitizing Caregivers reported nonsignificantly lower levels of functional impairment at 12-month follow-up with an adjusted mean difference of 20.08 (95% confidence interval: 20.18 to 0.01, p 5 .10) (Table 3; Figure 3 , Supplemental Digital Content 3, http://links.lww.com/JDBP/A161, upper left graph). Caregiving quality, as reflected by Home Observation for the Measurement of the Environment (HOME) score, was greater among women in MISC throughout follow-up (Table 3 ; Figure 3 , Supplemental Digital Content 3, http://links.lww.com/JDBP/A161, lower right graph). HOME score was significantly associated with MSEL composite score regardless of the trial arm, with an estimated 0.37 (standard error 0.14) increase in MSEL composite score per 1 unit increase in HOME score (p , .01). However, unadjusted caregiver depression and anxiety scores were higher for MISC than for UCOBAC caregivers at all assessment points, with UCOBAC caregivers reporting less depressive symptoms throughout training and at 1- 
Exploratory Moderation Analyses
No significant interactions were found between values of study outcomes at baseline and trial arm for any child or caregiver outcome (data not presented in tables). For the MSEL composite, a difference in slopes by trial arm of 0.16 (standard error 0.09, p 5 .06,) indicated that the effect of MISC on improving MSEL composite score was greater for children who entered with a relatively higher MSEL composite score. However, HOME caregiving quality was significantly related to MSEL composite score at 1-year follow-up posttraining for both the MISC (r[91] 5 0.24, p 5 .02) and UCOBAC (r[95] 5 0.27, p 5 .008) trial arms. The significant correlations between HOME caregiving quality and MSEL composite at 1-year follow-up for both trial arms did not seem to be mediated at all by caregiver functionality.
DISCUSSION
This randomized controlled trial (RCT) compared the child neurodevelopmental and caregiver mental health and functionality benefits of 2 caregiver interventions: a health and nutrition (Uganda Community Based Association for Child Welfare [UCOBAC]) curriculum versus a childhood cognitive stimulation (Mediational Intervention for Sensitizing Caregivers [MISC]) model. Compared with children in UCOBAC, MISC children generally scored better across measures of child neurocognitive development, but differences by trial arm were not statistically significant over the course of the 1-year caregiver training period or at a 12-month posttraining follow-up. These findings suggest that both types of caregiver training (health/nutrition and cognitive stimulation) may be beneficial and should be retained along with nutritional supplementation in standard integrated Care for Child Development intervention packages.
Mediational Intervention for Sensitizing Caregivers training did not result in significantly greater gains compared with the UCOBAC training arm on the Mullen Scales of Early Learning (MSEL) cognitive performance composite or Color-Object Association Test objectplacement learning outcomes posttraining, as was the case with both HIV-infected and HIV-exposed Ugandan children in previous studies. 32, 33 The greatest differences between children in the MISC and UCOBAC arms were observed in the domain of child language acquisition, particularly receptive language. Along with findings from a similar MISC cluster RCT study with HIV-infected children and caregivers, these results demonstrate that MISC can enhance child language by promoting everyday interactions in the home. Studies from high-income countries have shown that poor language skills in early grades may lead to frustration, avoidance, and a negative attitude toward school and literacy. 46 Oral language development, along with the ability to hear and record sounds, has also been demonstrated as a strong predictor of writing development. This skill is important for success at school in general. With evidence from high-income countries suggesting that language and literacy skills are instrumental to success in the first years of, future research should assess if enhanced language development due to MISC results in better preparing HIV-exposed but uninfected children for school.
An interesting exception to the trend of nonstatistically significant differences in neurocognitive development outcomes between trial arms was greater report of child problems by MISC caregivers at 1-year follow-up on the Behavior Rating Inventory of Executive Function-Preschool Version (BRIEF-P) scale. We have previously found that HIV-affected depressed mothers in this setting are more likely to report child emotional and behavioral problems. 47, 48 In this study, significantly higher reported behavior problems on the BRIEF-P for MISC children at 1-year follow-up could have been due to MISC training resulting in increased caregiver sensitivity to their children's behavior and their own behavioral expectations of their children compared with the health and nutrition focused curriculum.
We found a positive association between child weight and height for age with all of the principal neurodevelopmental outcomes assessed at endpoint, and these measures were significantly below WHO normative means for the present cohort of children. Previous studies also found that wasting and stunting were independently associated with poorer psychomotor and neurodevelopmental outcomes. 32, 33, 49 Treating these nutritional deficiencies through the year of caregiver training and subsequent 1-year follow-up likely provided a significant developmental benefit to children in both MISC/UCOBAC treatment arms. This suggests that providing for the nutritional needs of HIV-affected children is paramount in optimizing the benefits of early childhood development (ECD) intervention in HIV-affected populations in sub-Saharan Africa.
Mediational Intervention for Sensitizing Caregiver caregivers reported significantly more depression symptoms compared with those who participated in the UCOBAC health and nutrition training. This finding is in contrast with findings from previous studies of MISC training for caregivers of children living with HIV. 33 It also is not consistent with an independent evaluation of a parent-directed intervention in northern Uganda, 15 where caregivers in a parent training compared with those in control conditions reported less depression. Caregivers in MISC did, however, report less functional impairment than those in UCOBAC. Some of the nonsignificant but better developmental outcomes observed among MISC children or the improvements caregivers experienced in the quality of their interactions with their children could have led to less functional impairment. Caregivers in this context have described a complex interrelationship between their well-being and their children's, in which caring for children who are unwell was seen as interfering with one's ability to provide for the child and their family. 34, 50, 51 For mothers whose caregiving duties are made complicated by living with the physical, economic, and social effects of HIV, this is an especially important benefit of an ECD intervention.
In this study, improvements in caregiver mental health were observed as related to improved caregiver functionality. Improved functionality, especially for mothers coping with HIV disease, can mediate the benefits of improved caregiving on child development, as has been documented in an earlier report. 34, 50, 51 Therefore, it is important to monitor the mental health benefits of caregiver training interventions as important potential mediators of how such training might enhance the development of at-risk children.
The main limitation of this study was the absence of a true control condition. The choice to compare 2 active interventions was made because we did not feel we could ethically withhold both the MISC and UCOBAC interventions to the study dyads, given the developmental risks experienced by HIV-affected children in previous reported findings of effectiveness of ECD programs for children in such settings. 11, 15 Given the study period, substantial intervention duration, and the importance of assessing sustainment of any immediate intervention effects, dyads randomized to a wait-list control would be denied support services for a substantial period during a particularly sensitive window for child development. The present cluster RCT study, however, is a rigorous comparison of 2 different caregiver training interventions in which (1) a nutritional supplement was provided to all study children throughout the study and (2) the interventions in both study arms were of comparable structure (in terms of the quality of training sessions and the psychosocial support dimensions provided to the caregivers) and duration. Therefore, any developmental differences observed by treatment arm in this study were likely due to the content of the training, rather than improved child nutrition or interaction with support services per se.
A second limitation is that because of the standardization of measures of cognitive development being completed among children in high-income settings, it is difficult to interpret the absolute scores of children in both study arms. In addition, the lack of long-term postintervention follow-up assessments limits our inferences about the relative effects of these 2 interventions to the early childhood period. Given previous findings in this setting on the association of poor caregiving quality with neurocognitive developmental deficits among HIV-affected children, 34 an important avenue of further research is whether or not the significant effect of MISC on caregiving quality in the short term may mediate longer term improvements in child developmental trajectories.
CONCLUSION
In high-income countries, early childhood programming often brings together children, parents, and early childhood educators in school-based settings to provide formal preschool services. In many low-and middle-income countries, formal preschool programming is lacking, resulting in a lack of opportunities for children to gain skills for entering school ready to learn. Parenting programs that are delivered in the community may be a more appropriate delivery opportunity for supporting early childhood development in these contexts. With the most substantial but nonsignificant effects of Mediational Intervention for Sensitizing Caregivers observed for language skills, this study's findings suggest that interaction-intensive caregiver training programs may be a useful communitybased approach for enhancing this domain of early child development for HIV-affected impoverished children. Diminished language skills is an especially potent risk factor for long-term success of HIV-exposed children, as entering school at a learning disadvantage may persist through middle childhood and lead to reduced opportunities for future education and being able to prosper and give back to their communities. With this in mind, more studies of this sort are needed within dissemination and implementation science so that we might better understand the contributions of good nutrition, good parenting, good stimulation, and good caregiver mental health and functionality to overall better child development in resource-constrained settings.
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